Masses removed from the superficial fascia of the jugular groove of a 12year-old Arabian mare and from the femoral canal of a 7 %-year-old female cat appeared to be counterparts of the human malignant giant cell tumor of soft parts, even recapitulating the clinical behavior of the respective subgroups. Histologically, both neoplasms contained the characteristic features of the malignant giant cell tumor of soft parts: large multinucleate giant cells, pleomorphic mononuclear giant cells, histiocytes, fibroblasts and fibrocytes that were sometimes sarcomatous, and foci of hemorrhage and necrosis. Ultrastructural characteristics of the giant cells suggest mesenchymal origin with osteoblastic or chondroblastic differentiation.
The malignant giant cell tumor of soft parts was characterized in a clinicopathologic survey of 32 human cases [l]. In man it is a rare extraskeletal malignant tumor somewhat resembling a giant cell tumor of bone. It has numerous multinucleated giant cells, histiocytes, fibroblasts and mononuclear giant cells, usually arranged in multinodular pattern. Clinically, it was divided into superficial and deep forms. The superficial form was smaller, less invasive and more amenable to surgery. The deep tumor involved skeletal muscle, deep fascia and tendinous structures. This form was more invasive and frequently metastasized.
A tumor of strikingly similar histologic appearance has been described in the cat [3] .
The cell of origin of such tumors is unknown. This report characterizes counterparts to the giant cell tumor of soft parts from a horse and a cat by light and electron microscopy.
Case Reports
A 3 x 3 x 2 cm mass was removed from the superficial fascia of the jugular groove of a 12-year-old Arabian mare. Neither recurrence nor metastasis had occurred in the 1 % years after surgery.
A 3 x 4 x 12 cm mass was incompletely removed from the femoral canal of a 7 %-yearold female cat. Biopsy material was not reviewed histologically, and residual neoplastic tissue grew rapidly after surgery. The cat was killed 7 days later and necropsied at our laboratory. Tissue from this recurrent neoplastic mass was processed for histologic review.
Materials and Methods
Tissue was fixed in 10% neutral buffered formalin. Razor-cut tissue slices were embedded in paraffin, and sections 5 pm thick were stained with hematoxylin and eosin for light microscopic examination.
One-millimeter-thick slices of the formalin-fixed tissue were fixed in 1 % osmium tetroxide in veronal buffer (pH 7.4), dehydrated in ethanol and embedded in epon 812. Sections 20 pm thick were cut on a rotary microtome and examined by light microscopy. Trapezoids from specific areas of the sections were removed with a scalpel and cemented on blank epon blocks. Sections were cut at 500 A on a Sorvall MT2 ultramicrotome, mounted on bare copper grids, stained with uranyl acetate and lead citrate and examined with a Hitachi HS8 electron microscope at 50 kV.
Gross Examination
The equine tumor was lobulated and well encapsulated. Hemorrhage and necrosis were evident on the cut surface.
The feline tumor obliterated the femoral canal on the medial aspect of the right hind limb. This mass had infiltrated deep fascia1 planes but was not attached to tendinous or osseous structures. The surface was lobulated and glistening. The cut surface was firm and white, but contained multiple small hemorrhages.
Microscopic Examination
Both neoplasms were characterized by histiocytes, pleomorphic mononuclear giant cells, large numbers of multinucleated giant cells and sarcomatous fibrous stroma that subdivided the tumor into incomplete lobules. The most striking feature in both neoplasms was the large number of randomly scattered multinucleated giant cells ( fig. 1,2 ). Each contained from two to 40 oval to elliptical nuclei with one or more nucleoli. Nuclear chromatin was granular and marginated in some cells, but finely granular and evenly distributed in others. The cytoplasm was uniformly acidophilic and abundant. Cellular outlines were distinct. In some instances the cytoplasm was foamy because of numerous vacuoles.
Mononuclear giant cells were infrequent in both neoplasms. Their nuclei were usually large and contained a prominent nucleolus. The cytoplasm was generally amphophilic and scant.
Ultrastructurally, nuclei of the mono-and multinucleated giant cells contained euchromatin with heterochromatin on the borders of the nuclear envelope and in small patches throughout the nucleus (fig. 3) . The cytoplasm was tightly packed with organelles. Endoplasmic reticulum, the predominant organelle, was divided evenly between granular and agranular types. Mod- erate numbers of mitochondria and a few dense bodies also were present. The surface of the giant cells in the equine tumor was ruffled with irregular microvilli about 1 mm long. A terminal web was in the cytoplasm below the microvilli, which had microfilaments. Organelle distribution was similar to that of the equine tumor except that the plasmalemma of the feline giant cells lacked microvilli.
Mononuclear histiocytes frequently were associated with mononuclear giant cells. Their nuclei were similar to those of the larger mononuclear giant cells, and their cytoplasm was scant and pale. Cell outlines were not distinct. These cells were identified with the electron microscope as mononuclear cells with cytoplasm containing vacuoles of various densities.
Spindle cells coursed through the neoplasm in a disorganized fashion; their growth patterns varied from linear and compact to whorled. The cytoplasm of these cells was poorly defined, and collagen was scant. Theelectron microscopic appearance of the spindle cells closely resembled that of fibrocytes. The nucleus was usually stellate, and thecytoplasm contained large amounts of granular endoplasmic reticulum. Little mature collagen could be identified.
The equine tumor was hemorrhagic, multifocally necrotic and well vascularized. Some vascular channels were irregular thin-walled sinusoids. The feline tumor contained small venous channels, with little hemorrhage; its periphery was necrotic.
Inflammatory cell infiltration of the neoplasms was limited to small multifocal aggregates of lymphocytes and plasma cells. A single small vessel in the equine tumor contained neoplastic cells.
Discussion
Both neoplasms conform to the histologic characteristics of the giant cell tumor of soft parts in man.
The equine neoplasm was superficial and did not recur after excision, whereas the feline tumor involved deep structures and was expansive and invasive. These clinical characteristics compare to those of their human counterparts. On this basis, an example of each of the clinical types of giant cell tumor of soft parts is represented.
The cell of origin is unknown. In the human cases, cartilage, osteoid or bone occurred in seven of 12 of the superficial and 16 of 20 of the deep tumors [I] . The investigators in that study separated the giant cell tumor of soft parts from skeletal giant cell tumors because of general lack of involvement of bone and paucity or peculiar distribution of their osseous or chondroid elements. Evidence was presented that the giant cells might be of histiocytic origin.
A similar tumor was reported in a cat in 1952 [3] . It was presumed that the site of origin was the tendon sheath.
Ultrastructural studies of multinucleated giant cells in the neoplasms presented here revealed a marked resemblance to those depicted in giant cell tumors of bone in man [6, pp. 307-3081. Those, in turn, are difficult to distinguish from chondroblasts, osteoclasts or osteoblasts [2; 4; 5; 6, p. 451. The smaller mononuclear giant cells examined in this study closely resemble osteoblasts [6, p. 1541.
These findings suggest that the giant cell sarcoma of soft parts represents one distinctive morphologic differentiation available to pluripotential mes-enchymal cells in connective tissue. Little similarity existed between the giant cells described here and those of histiocytic origin. Future ultrastructural examination of such neoplasms may aid in determining their origin.
